Background
Background Structural brain Structural brain abnormalities are prevalent in patients abnormalities are prevalent in patients with schizophrenia and affective disorders. with schizophrenia and affective disorders.
Aims Aims To study how regional brain
To study how regional brain volumes and their ratios differ between volumes and their ratios differ between patients with schizophrenia, psychotic patients with schizophrenia, psychotic depression, severe non-psychotic depression, severe non-psychotic depression and healthy controls. depression and healthy controls.
Method Method Magnetic resonance imaging
Magnetic resonance imaging scans of the brain on first-episode patients scans of the brain on first-episode patients and on healthy controls. and on healthy controls.
Results

Results Patients with schizophrenia
Patients with schizophrenia had a smaller left frontal grey matter had a smaller left frontal grey matter volume than the other three groups. volume than the other three groups. Patients with psychotic depression had Patients with psychotic depression had larger ventricular and posterior sulcal larger ventricular and posterior sulcal cerebrospinal fluid (CSF) volumes than cerebrospinal fluid (CSF) volumes than controls. Patients with depression had controls.Patients with depression had larger white matter volumes than the larger white matter volumes than the other patients. other patients.
Conclusions
Conclusions Left frontallobe, Left frontallobe, especiallyits grey matter volume, seems to especiallyits grey matter volume, seems to be specifically reduced in first-episode be specifically reduced in first-episode schizophrenia. Enlarged cerebral schizophrenia. Enlarged cerebral ventricles and sulcal CSF volumes are ventricles and sulcal CSF volumes are prevalent in psychotic depression. prevalent in psychotic depression. Preserved or expanded white matter is Preserved or expanded white matter is typical of non-psychotic depression. typical of non-psychotic depression.
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Computed tomographic and magnetic Computed tomographic and magnetic resonance imaging (MRI) studies have resonance imaging (MRI) studies have shown structural abnormalities in patients shown structural abnormalities in patients with schizophrenia compared with healthy with schizophrenia compared with healthy controls (Liddle, 1995) . Similar structural controls (Liddle, 1995) . Similar structural brain abnormalities have also been found brain abnormalities have also been found in affective disorders (Cummings, 1993) . in affective disorders (Cummings, 1993) . Most of these studies have been on chronic Most of these studies have been on chronic patients. It is therefore difficult to say patients. It is therefore difficult to say which of the MRI findings result from which of the MRI findings result from treatment (medication) or chronicitytreatment (medication) or chronicityrelated factors, and what their value would related factors, and what their value would be in differential diagnostics. In the present be in differential diagnostics. In the present study, we examined the brain volumes of study, we examined the brain volumes of patients with first-episode schizophrenia, patients with first-episode schizophrenia, psychotic depression and severe depression psychotic depression and severe depression and compared them with those of healthy and compared them with those of healthy controls. We placed special emphasis on dicontrols. We placed special emphasis on diagnostic procedures to distinguish as clearly agnostic procedures to distinguish as clearly as possible between schizophrenia and seas possible between schizophrenia and severe depressive disorders. Our aim was to vere depressive disorders. Our aim was to study how regional brain volumes and their study how regional brain volumes and their interrelationships for the patients with firstinterrelationships for the patients with firstepisode schizophrenia, psychotic depresepisode schizophrenia, psychotic depression and severe depression differ from those sion and severe depression differ from those of healthy controls and from each other. of healthy controls and from each other.
S Structural central nervous system
tructural central nervous system abnormalities in schizophrenia abnormalities in schizophrenia and affective disorders and affective disorders Grey matter volume in patients with schizoGrey matter volume in patients with schizophrenia, in the neocortex generally and in phrenia, in the neocortex generally and in various subcortical structures, is fairly various subcortical structures, is fairly consistently reduced, whereas the third consistently reduced, whereas the third and lateral ventricles, as well as the cortical and lateral ventricles, as well as the cortical sulci, are enlarged (Pfefferbaum & Marsh, sulci, are enlarged (Pfefferbaum & Marsh, 1995; Cannon, 1996; Buchanan & Carpen-1995; Cannon, 1996; Buchanan & Carpenter, 1997; Lawrie & Abukmeil, 1998) . In a ter, 1997; Lawrie & Abukmeil, 1998) . In a recent meta-analysis, Wright recent meta-analysis, Wright et al et al (2000) (2000) concluded that regional structural differconcluded that regional structural differences in patients with schizophrenia include ences in patients with schizophrenia include bilaterally reduced volume of medial bilaterally reduced volume of medial temporal lobe structures, consistent with a temporal lobe structures, consistent with a pathological process in schizophrenia that pathological process in schizophrenia that involves distributed volume changes within involves distributed volume changes within the brain. the brain.
In three meta-analyses, Elkis In three meta-analyses, Elkis et al et al (1995) found that the ventricles and sulci (1995) found that the ventricles and sulci were enlarged in patients with mood diswere enlarged in patients with mood disorder compared with controls, and that order compared with controls, and that ventricular enlargement was greater in ventricular enlargement was greater in patients with schizophrenia compared with patients with schizophrenia compared with those with mood disorders, although the those with mood disorders, although the effect size was small. effect size was small. Crow (1990; Crow Crow (1990; Crow et al et al, 1996 Crow et al et al, ) sug-, 1996 suggested that brain changes in schizophrenia gested that brain changes in schizophrenia can be seen to include an arrest in the can be seen to include an arrest in the development of cerebral asymmetry. The development of cerebral asymmetry. The normal asymmetry of the temporal horn normal asymmetry of the temporal horn (Crow (Crow et al et al, 1989 (Crow et al et al, , 1989a Bogerts ; Bogerts et al et al, 1990 Bogerts et al et al, ), , 1990 ), the Sylvian fissure (Falkai the Sylvian fissure (Falkai et al et al, 1992; , 1992; Crow Crow et al et al, 1992) , and volume in the occi-, 1992), and volume in the occipital regions (Crow pital regions (Crow et al et al, 1989 (Crow et al et al, , 1989b Daniel ; Daniel et et al al, 1989; Bilder , 1989; Bilder et al et al, 1994) have been , 1994) have been found to be absent in patients with schizofound to be absent in patients with schizophrenia in general, and in patients with phrenia in general, and in patients with first-episode schizophrenia specifically first-episode schizophrenia specifically (Bogerts (Bogerts et al et al, 1990; Bilder , 1990; Bilder et al et al, 1994; , 1994; DeLisi DeLisi et al et al, 1997) . , 1997). Woodruff Woodruff et al et al (1997) have reported (1997) have reported that, in comparison with unaffected that, in comparison with unaffected controls, male patients with schizophrenia controls, male patients with schizophrenia demonstrated reduced correlations between demonstrated reduced correlations between several brain regions. The most salient several brain regions. The most salient abnormality in patients was the dissociation abnormality in patients was the dissociation between prefrontal and superior temporal between prefrontal and superior temporal gyrus volumes, suggesting a lack of mutual gyrus volumes, suggesting a lack of mutual trophic influences during frontal and trophic influences during frontal and temporal lobe development. These findings temporal lobe development. These findings suggest the possibility that not only regional suggest the possibility that not only regional volumetric differences but also the intervolumetric differences but also the interrelationships between regional structures relationships between regional structures can differentiate schizophrenia from other can differentiate schizophrenia from other psychiatric disorders and healthy people. psychiatric disorders and healthy people.
METHOD METHOD Subjects Subjects
The study protocol was approved by The study protocol was approved by the Ethical Committee of the Turku the Ethical Committee of the Turku University/University Hospital, Turku, University/University Hospital, Turku, Finland. Written informed consent was Finland. Written informed consent was a prerequisite for participation. a prerequisite for participation.
The patients were selected from a larger The patients were selected from a larger group of first-contact patients admitted to group of first-contact patients admitted to out-patient or in-patient facilities of the out-patient or in-patient facilities of the Turku University Central Hospital and the Turku University Central Hospital and the Turku City Mental Health Centre, over a Turku City Mental Health Centre, over a 41-month period (1 November 1994 to 41-month period (1 November 1994 to 31 March 1998). Inclusion criteria for the 31 March 1998). Inclusion criteria for the patients were: schizophrenia-spectrum patients were: schizophrenia-spectrum s 5 8 s 5 8 et al, 1994) . , 1994). The patients also underwent somatic invesThe patients also underwent somatic investigations, including brain MRI and blood tigations, including brain MRI and blood test scanning for somatic disorders with test scanning for somatic disorders with psychiatric symptoms. psychiatric symptoms.
B R I T I S H J O UR N A L O F P SYC HI AT RY B R I T I S H J O UR N A L O F P S YC H I AT RY
The diagnostic evaluation was comThe diagnostic evaluation was completed and the best-estimate research diagpleted and the best-estimate research diagnoses according to DSM-IV (American noses according to DSM-IV (American Psychiatric Association, 1994) were made Psychiatric Association, 1994) were made at consensus meetings, without any knowat consensus meetings, without any knowledge of the results of the MRI scans. At ledge of the results of the MRI scans. At these meetings, all the patients' medical these meetings, all the patients' medical records and hospital charts were available, records and hospital charts were available, together with the findings of the previous together with the findings of the previous diagnostic interview and somatic investidiagnostic interview and somatic investigations. Patients' history and symptoms gations. Patients' history and symptoms were discussed by the research psychiatrists were discussed by the research psychiatrists responsible for the diagnostic evaluation, a responsible for the diagnostic evaluation, a senior researcher (R.K.R.S.), and at least senior researcher (R.K.R.S.), and at least one research psychiatrist not personally one research psychiatrist not personally familiar with the patient. Particular familiar with the patient. Particular emphasis was placed on making a distincemphasis was placed on making a distinction between schizophrenia and psychotic tion between schizophrenia and psychotic depression. On the basis of best-estimate depression. On the basis of best-estimate research, the patients were divided into research, the patients were divided into four main groups: schizophrenia ( four main groups: schizophrenia (n n¼29); 29); bipolar disorder ( bipolar disorder (n n¼13); major depressive 13); major depressive disorders ( disorders (n n¼59); and others ( 59); and others (n n¼15). The 15). The collection of patients and their investicollection of patients and their investigations have been described in detail gations have been described in detail previously (Taiminen previously (Taiminen et al et al, 2000 (Taiminen et al et al, , 2001 . , 2000, 2001) . For this study, only patients with the For this study, only patients with the DSM-IV criteria of schizophrenia (diag-DSM-IV criteria of schizophrenia (diagnoses 295.10, 295.20, 295.30, 295.60, noses 295.10, 295.20, 295.30, 295.60, 295.90 
MRI scanning MRI scanning
Magnetic resonance imaging scans of the Magnetic resonance imaging scans of the brain were acquired with a Siemens 1.5 T brain were acquired with a Siemens 1.5 T scanner (Siemens, Magnetom, Germany) scanner (Siemens, Magnetom, Germany) in Turku University Central Hospital. The in Turku University Central Hospital. The scans were taken on average within 1.7 scans were taken on average within 1.7 months of the clinical examinations. A conmonths of the clinical examinations. A conventional dual spin-echo sequence (echo ventional dual spin-echo sequence (echo time of 90 ms, repetition time 3120) was time of 90 ms, repetition time 3120) was used to obtain on average 25 axial slices used to obtain on average 25 axial slices with a thickness of 5.4 mm and no interwith a thickness of 5.4 mm and no interslice gap. The image matrix size was slice gap. The image matrix size was 256 2566 6256 (field of view of 230) and an 256 (field of view of 230) and an in-plane resolution of 0.9 in-plane resolution of 0.96 60.9 mm. 0.9 mm.
Tracing protocol Tracing protocol
The image analyses were performed using The image analyses were performed using the NRIA (New Regional Image Analysis) the NRIA (New Regional Image Analysis) package, an earlier version of BBLImage. package, an earlier version of BBLImage. After deleting pixels corresponding to the After deleting pixels corresponding to the skull and meninges using a conservative skull and meninges using a conservative automated procedure followed by manual automated procedure followed by manual editing, the remaining pixels were classified editing, the remaining pixels were classified into three tissue types (grey matter, white into three tissue types (grey matter, white matter and cerebrospinal fluid (CSF)) using matter and cerebrospinal fluid (CSF)) using an adaptive Bayesian algorithm for threean adaptive Bayesian algorithm for threedimensional tissue segmentation (Yan dimensional tissue segmentation (Yan et et al al, 1995) . To control for head tilt during , 1995). To control for head tilt during scanning, the images were re-sliced accordscanning, the images were re-sliced according to the anterior commissure-posterior ing to the anterior commissure-posterior commissure plane. Detailed description of commissure plane. Detailed description of the regions of interest (ROIs) can be found the regions of interest (ROIs) can be found in Cannon in Cannon et al et al (1998) . In short, the frontal (1998). In short, the frontal lobe ROI was started on the inferior slices, lobe ROI was started on the inferior slices, where the medial border was the interhemiwhere the medial border was the interhemispheric fissure and the lateral border the spheric fissure and the lateral border the cortical perimeter. On the slice superior to cortical perimeter. On the slice superior to the mamillary bodies, the posterior border the mamillary bodies, the posterior border was defined by extending a horizontal line was defined by extending a horizontal line from the most anterior extent of the Sylvian from the most anterior extent of the Sylvian fissure to the interhemispheric fissure. This fissure to the interhemispheric fissure. This posterior border was continued in this fashposterior border was continued in this fashion until the slice immediately preceding ion until the slice immediately preceding the splenium of the corpus callosum. Superthe splenium of the corpus callosum. Superior to this slice, the posterior border was ior to this slice, the posterior border was defined by a horizontal line touching the defined by a horizontal line touching the most anterior part of the caudate nucleus. most anterior part of the caudate nucleus. The temporal lobe ROI was started at the The temporal lobe ROI was started at the level of the midbrain, where the posterolevel of the midbrain, where the posteromedial border of the temporal lobe ROIs medial border of the temporal lobe ROIs was delineated by the pons and cerebellum. was delineated by the pons and cerebellum. The temporal lobe was separated from the The temporal lobe was separated from the frontal regions by tracing along the Sylvian frontal regions by tracing along the Sylvian fissure. More superior, the posterior fissure. More superior, the posterior boundary was defined by drawing a line boundary was defined by drawing a line extending from the contralateral cerebral extending from the contralateral cerebral peduncle to the anterior tip of the cerebelpeduncle to the anterior tip of the cerebellum. On the slices above the mamillary lum. On the slices above the mamillary bodies, the Sylvian fissure and the dienbodies, the Sylvian fissure and the diencephalon structures served as the medial cephalon structures served as the medial borders. The posterior edge was formed borders. The posterior edge was formed by a horizontal line from the most posterior by a horizontal line from the most posterior tip of the posterior fossa to the lateral tip of the posterior fossa to the lateral perimeter. The temporal lobe ROI was disperimeter. The temporal lobe ROI was discontinued on the first slice showing the continued on the first slice showing the splenium of the corpus callosum. The possplenium of the corpus callosum. The posterior regions were defined by subtracting terior regions were defined by subtracting the frontal and temporal lobe volume from the frontal and temporal lobe volume from the total brain volumes. The left and right the total brain volumes. The left and right hemisphere ROIs included all brain tissue hemisphere ROIs included all brain tissue except pons, medulla, cerebral peduncles except pons, medulla, cerebral peduncles and cere and cerebellum. The ventricular ROIs inbellum. The ventricular ROIs included cluded the lateral and third ventricles but the lateral and third ventricles but not the fourth ventricle or cerebral aquenot the fourth ventricle or cerebral aqueduct. The anatomical tracings were perduct. The anatomical tracings were performed as described by a single rater with formed as described by a single rater with no knowledge of the diagnosis. Interrater no knowledge of the diagnosis. Interrater reliabilities of the defined measurements reliabilities of the defined measurements based on 10 randomly selected images were based on 10 randomly selected images were excellent (intraclass correlations, 0.93). excellent (intraclass correlations, 0.93).
Statistics Statistics
Statistical analyses were performed with Statistical analyses were performed with the SAS statistical software package (SAS the SAS statistical software package (SAS Institute, 1992) . Differences in distributions Institute, 1992). Differences in distributions between subject groups were analysed between subject groups were analysed by chi-squared or Mantel-Haenszel chiby chi-squared or Mantel-Haenszel chisquared test, and those in continuously squared test, and those in continuously scaled variables by analysis of variance scaled variables by analysis of variance (ANOVA). The data of tissue volumes were (ANOVA). The data of tissue volumes were analysed with repeated-measures ANOVA analysed with repeated-measures ANOVA and covariance models. For analyses of grey and covariance models. For analyses of grey matter, white matter and sulcal CSF, matter, white matter and sulcal CSF, hemisphere and region (frontal, temporal hemisphere and region (frontal, temporal and posterior) served as within-subject and posterior) served as within-subject independent variables; for analyses of independent variables; for analyses of s 5 9 s 5 9 ventricular CSF, hemisphere was a withinventricular CSF, hemisphere was a withinsubject variable. In all models, overall subject variable. In all models, overall intra-cranial volume and age served as intra-cranial volume and age served as continuously scaled covariates, gender as a continuously scaled covariates, gender as a categorised covariate and group (diagnosis) categorised covariate and group (diagnosis) as a predictor. Multivariate analyses were as a predictor. Multivariate analyses were followed by pair-wise group contrasts using followed by pair-wise group contrasts using independent sample independent sample t t statistics for the substatistics for the subgroup (schizophrenia, psychotic depression, group (schizophrenia, psychotic depression, non-psychotic severe depression and non-psychotic severe depression and healthy controls) comparisons. The differhealthy controls) comparisons. The differences in tissue volumes between patients ences in tissue volumes between patients and healthy controls are described in Figs and healthy controls are described in Figs  1-4 
RESULTS RESULTS
There were no significant differences in genThere were no significant differences in gender, age, handness or use of alcohol (Table  der , age, handness or use of alcohol (Table  1) . No patient or control used illegal drugs. 1). No patient or control used illegal drugs.
Regional volumes Regional volumes
Regional grey matter, white matter and CSF Regional grey matter, white matter and CSF volumes are shown in Table 2 . In repeatedvolumes are shown in Table 2 . In repeatedmeasures ANOVA, intra-cranial volume measures ANOVA, intra-cranial volume had a significant effect ( had a significant effect (P P5 50.05) on all 0.05) on all tissue volumes, and age on volumes of grey tissue volumes, and age on volumes of grey matter and sulcal and ventricular CSF matter and sulcal and ventricular CSF volumes. Diagnosis and region had a volumes. Diagnosis and region had a marginal interaction ( marginal interaction (P P¼0.091) with grey 0.091) with grey matter volume and a significant interaction matter volume and a significant interaction ( (P P¼0.017) with sulcal CSF. Diagnosis, 0.017) with sulcal CSF. Diagnosis, region and hemisphere had a significant region and hemisphere had a significant interaction ( interaction (P P¼0.008) with white matter 0.008) with white matter volume. volume.
When age, gender and intra-cranial When age, gender and intra-cranial volume were taken into account in volume were taken into account in ANOVA, there was a significant group ANOVA, there was a significant group effect in left frontal grey matter volumes effect in left frontal grey matter volumes ( (P P¼0.043), and a marginal group effect in 0.043), and a marginal group effect in right posterior sulcal CSF volumes right posterior sulcal CSF volumes ( (P P¼0.088). 0.088).
In In post hoc post hoc pair comparisons, patients pair comparisons, patients with schizophrenia had a smaller left with schizophrenia had a smaller left frontal grey matter volume than controls, frontal grey matter volume than controls, patients with depression or psychotic patients with depression or psychotic depression. Moreover, their total frontal depression. Moreover, their total frontal grey matter volume was significantly grey matter volume was significantly smaller than that of controls, and their smaller than that of controls, and their posterior grey matter volume was larger posterior grey matter volume was larger than that of controls or patients with than that of controls or patients with depression ( Fig. 1 ). Patients with depression had marginally larger right depression had marginally larger right frontal white matter volumes than controls. frontal white matter volumes than controls. They also had larger white matter volumes They also had larger white matter volumes than patients with schizophrenia or psythan patients with schizophrenia or psychotic depression in several regions (Table  chotic depression Patients with schizophrenia had a Patients with schizophrenia had a marginally smaller left frontal sulcal CSF marginally smaller left frontal sulcal CSF volume than controls. Patients with depresvolume than controls. Patients with depression also had marginally smaller left frontal sion also had marginally smaller left frontal sulcal CSF and temporal sulcal CSF sulcal CSF and temporal sulcal CSF volumes than controls. Because of the large volumes than controls. Because of the large s.d., great differences of means remained s.d., great differences of means remained marginally significant. Patients with psymarginally significant. Patients with psychotic depression had larger ventricular chotic depression had larger ventricular CSF volumes and larger posterior sulcal CSF volumes and larger posterior sulcal CSF volumes than controls. They also had CSF volumes than controls. They also had larger ventricular CSF volumes than larger ventricular CSF volumes than patients with schizophrenia and a larger patients with schizophrenia and a larger posterior sulcal CSF volume and total sulcal posterior sulcal CSF volume and total sulcal CSF volume than patients with depression CSF volume than patients with depression (Table 2 & Fig. 3 ). (Table 2 & Fig. 3 ).
Regional ratios Regional ratios
Contralateral ratios Contralateral ratios
In inter-hemispheric comparisons, left In inter-hemispheric comparisons, left regional volumes were divided by corresregional volumes were divided by corresponding (contralateral) right volumes. This ponding (contralateral) right volumes. This was called the contralateral ratio. In rewas called the contralateral ratio. In repeated-measures ANOVA, age had a signifpeated-measures ANOVA, age had a significant effect ( icant effect (P P5 50.05) on the contralateral 0.05) on the contralateral ratio of volumes of grey and white matter, ratio of volumes of grey and white matter, whereas diagnosis had a marginally signifiwhereas diagnosis had a marginally significant effect ( cant effect (P P¼0.079) on the contralateral 0.079) on the contralateral ratio of the volume of grey matter. Diagratio of the volume of grey matter. Diagnosis and region had a nosis and region had a marginally signifimarginally significant interaction ( cant interaction (P P¼0.066) 0.066) with white with white matter volume. matter volume.
When the effects of age and gender were When the effects of age and gender were taken into account in ANOVA, there was a taken into account in ANOVA, there was a significant group (diagnosis) effect in the significant group (diagnosis) effect in the contralateral ratio of frontal grey matter contralateral ratio of frontal grey matter ( (F F¼4.09, d.f.
4.09, d.f.¼3, 3, P P¼0.011) and of posterior 0.011) and of posterior white matter ( white matter (F F¼4.14, d.f.
4.14, d.f.¼3, 3, P P¼0.010). In 0.010). In post hoc post hoc pair comparisons, when the effects pair comparisons, when the effects of age and gender were taken into account, of age and gender were taken into account, the contralateral ratio in patients with the contralateral ratio in patients with schizophrenia was significantly lower (i.e. schizophrenia was significantly lower (i.e. left region was smaller in relation to right left region was smaller in relation to right region) in frontal grey matter ( region) in frontal grey matter (7 78.0%; 8. 0.008) than in patients with psychotic depression, whereas in patients with dedepression, whereas in patients with depression posterior white matter contrapression posterior white matter contralateral ratio was higher (4.8%; lateral ratio was higher (4.8%; F F¼7.17, 7.17, d.f. d.f.¼1, 1, P P¼0.010) than in patients with 0.010) than in patients with psychotic depression (Fig. 4) . psychotic depression (Fig. 4) .
Correlation coefficients were calculated Correlation coefficients were calculated between contralateral regional structural between contralateral regional structural volumes. In general, the correlation between volumes. In general, the correlation between left and right corresponding regional volleft and right corresponding regional volumes was high ( umes was high (r r4 40.800) and statistically 0.800) and statistically s 6 0 s 6 0 significant ( significant (P P5 50.05). There was one excep-0.05). There was one exception: the correlation within frontal grey mattion: the correlation within frontal grey matter ( ter (r r¼0.413, 0.413, P P¼0.207) was low in patients 0.207) was low in patients with schizophrenia, suggesting that, in with schizophrenia, suggesting that, in schizophrenia, the contralateral interschizophrenia, the contralateral interconnection between frontal structures is connection between frontal structures is rather weak. rather weak.
Intra-hemispheric ratios Intra-hemispheric ratios
In intra-hemisphere comparison, frontal reIn intra-hemisphere comparison, frontal regional volumes were divided by ipsilateral gional volumes were divided by ipsilateral (same side) corresponding posterior and (same side) corresponding posterior and temporal volumes, and temporal volumes temporal volumes, and temporal volumes by ipsilateral posterior volumes. This was by ipsilateral posterior volumes. This was called the intra-hemispheric ratio. When called the intra-hemispheric ratio. When the effects of age and gender were taken the effects of age and gender were taken into account, there was a significant group into account, there was a significant group (diagnosis) effect in left grey matter frontal (diagnosis) effect in left grey matter frontal posterior intra-hemispheric ratio ( posterior intra-hemispheric ratio (F F¼3.94 
In
In post hoc post hoc pair comparisons, when the pair comparisons, when the effects of age and gender were taken into effects of age and gender were taken into account, the left grey matter frontal posteraccount, the left grey matter frontal posterior intra-hemispheric ratio (i.e. the rate of ior intra-hemispheric ratio (i.e. the rate of frontal grey matter divided by posterior frontal grey matter divided by posterior grey matter) was lower in patients with grey matter) was lower in patients with schizophrenia than in controls ( schizophrenia than in controls (7 714.6%; 14.6%; F F¼11. The major finding was that the patients The major finding was that the patients with first-episode schizophrenia had rewith first-episode schizophrenia had reduced left frontal grey matter compared duced left frontal grey matter compared with healthy controls and patients with sewith healthy controls and patients with severe psychotic or non-psychotic depression. vere psychotic or non-psychotic depression. This finding was true both in comparison of This finding was true both in comparison of regional volumes between the groups and in regional volumes between the groups and in inter-and intra-hemispheric comparisons, inter-and intra-hemispheric comparisons, whereas in schizophrenia, intercorrelation whereas in schizophrenia, intercorrelation between left and right frontal grey matter between left and right frontal grey matter volumes remained lower than in other volumes remained lower than in other groups. Additionally, taking into account groups. Additionally, taking into account that the left/right ratio of all frontal tissues that the left/right ratio of all frontal tissues was lower in patients with schizophrenia was lower in patients with schizophrenia than in healthy controls, we can conclude than in healthy controls, we can conclude that the whole left frontal lobe, and that the whole left frontal lobe, and especially its grey matter, was reduced especially its grey matter, was reduced specifically in patients with schizophrenia. specifically in patients with schizophrenia. Woods Woods et al et al (1996) found that in patients (1996) found that in patients with schizophrenia, only frontal intrawith schizophrenia, only frontal intracranial volume was reduced, suggesting a cranial volume was reduced, suggesting a pathological process in the frontal region pathological process in the frontal region before the completion of brain growth. before the completion of brain growth. Thus, it is possible that the left frontal lobe Thus, it is possible that the left frontal lobe reduction of patients with schizophrenia reduction of patients with schizophrenia also found in the present study was of early also found in the present study was of early origin and because of underdevelopment or origin and because of underdevelopment or early damage. early damage.
The findings of a meta-analysis (Wright The findings of a meta-analysis (Wright et al et al, 2000) indicated that, in general, the , 2000) indicated that, in general, the frontal lobe reduction in schizophrenia is frontal lobe reduction in schizophrenia is not extensive and is equally great on both not extensive and is equally great on both sides. In the present study, frontal lobe sides. In the present study, frontal lobe reduction was rather extensive in the left reduction was rather extensive in the left frontal lobe. It is possible that changes in frontal lobe. It is possible that changes in s 6 2 s 6 2 Fig. 1 Regional grey matter volumes in diagnostic groups in relation to healthy controls (L, left; R, right;
Regional grey matter volumes in diagnostic groups in relation to healthy controls (L, left; R, right; F, frontal; T, temporal; P, posterior; G, grey matter). F, frontal; T, temporal; P, posterior; G, grey matter). , schizophrenia; , schizophrenia; , psychotic depression; , psychotic depression;
, non-psychotic depression. , non-psychotic depression. denotes significant values. denotes significant values. F, frontal; T, temporal; P, posterior; W, white matter). F, frontal; T, temporal; P, posterior; W, white matter). , schizophrenia; , schizophrenia; , psychotic depression; , psychotic depression;
, non-psychotic depression. , non-psychotic depression. , schizophrenia; , schizophrenia; , psychotic depression; , psychotic depression; , non-psychotic depression. , non-psychotic depression. denotes significant values. denotes significant values.
the brain volumes of patients with firstthe brain volumes of patients with firstepisode schizophrenia are more localised episode schizophrenia are more localised than those of chronic patients with a long than those of chronic patients with a long duration of illness and drug treatment. duration of illness and drug treatment. J.H., T.C., T.v.E. and colleagues analysed J.H., T.C., T.v.E. and colleagues analysed regional brain volumes in never-medicated, regional brain volumes in never-medicated, first-episode patients and found reduced first-episode patients and found reduced grey matter volumes in the left frontal and grey matter volumes in the left frontal and temporal lobe, as well as in the right postertemporal lobe, as well as in the right posterior region, whereas differences in wholeior region, whereas differences in wholebrain grey volumes were non-significant brain grey volumes were non-significant (further details available from the author (further details available from the author upon request). Prolonged treatments, social upon request). Prolonged treatments, social adversities and isolation may cause nonadversities and isolation may cause nonspecific changes also in patients' cerebral specific changes also in patients' cerebral structures and may explain the more extenstructures and may explain the more extensive findings in the patients with chronic sive findings in the patients with chronic schizophrenia. schizophrenia.
Interregional dissociation Interregional dissociation
We found a reduced inter-correlation We found a reduced inter-correlation between contralateral frontal grey matter between contralateral frontal grey matter volumes in the patients with schizophrenia. volumes in the patients with schizophrenia. Additionally, in these patients, both the Additionally, in these patients, both the contralateral (left contralateral (left v. v. right) ratios of the fronright) ratios of the frontal grey and white matter volumes and the tal grey and white matter volumes and the intra-hemispheric ratios between left frontal intra-hemispheric ratios between left frontal and temporal grey matter volumes were and temporal grey matter volumes were smaller than those in healthy controls or in smaller than those in healthy controls or in the patients with depression. This result is the patients with depression. This result is in accordance with the findings reported in accordance with the findings reported by Woodruff by Woodruff et al et al (1997) that there is a dis-(1997) that there is a dissociation between frontal and temporal sociation between frontal and temporal brain regions. According to the findings of brain regions. According to the findings of the present sample, this dissociation seems the present sample, this dissociation seems to be more pronounced between left frontal to be more pronounced between left frontal lobe and other brain regions. lobe and other brain regions.
We did not measure asymmetry of the We did not measure asymmetry of the central nervous system directly. The central nervous system directly. The reduced volume in the left frontal lobe of reduced volume in the left frontal lobe of patients with schizophrenia may mean, patients with schizophrenia may mean, however, that the structures of their left however, that the structures of their left temporal lobe have had more space to temporal lobe have had more space to 'move' more anteriorally than those of 'move' more anteriorally than those of healthy controls or other patients. This is healthy controls or other patients. This is in accordance with the finding that the in accordance with the finding that the auditory cortex of the temporal lobe was auditory cortex of the temporal lobe was more anterior in the left than in the right more anterior in the left than in the right hemisphere (Tiihonen hemisphere (Tiihonen et al et al, 1998) . The lost , 1998). The lost asymmetry of the brain in schizophrenia, as asymmetry of the brain in schizophrenia, as suggested by Crow (1990; Crow suggested by Crow (1990; Crow et al et al, , 1996) , may therefore be a result of under-1996) , may therefore be a result of underdevelopment of the left frontal lobe. development of the left frontal lobe.
Enlarged ventricles in psychotic Enlarged ventricles in psychotic depression but not in schizophrenia depression but not in schizophrenia In the present study, patients with psychotic In the present study, patients with psychotic depression had larger ventricular CSF depression had larger ventricular CSF volumes than healthy controls. They also volumes than healthy controls. They also had larger posterior sulcal CSF volumes had larger posterior sulcal CSF volumes than controls and patients with nonthan controls and patients with nonpsychotic depression. These findings are in psychotic depression. These findings are in accordance with several other studies. Most accordance with several other studies. Most consistently, patients with depression have consistently, patients with depression have shown enlarged lateral and third ventricles, shown enlarged lateral and third ventricles, as well as sulcal enlargement (Nasrallah as well as sulcal enlargement (Nasrallah et et al al, 1989; Elkis , 1989; Elkis et al et al, 1995) . , 1995). Contrary to several other studies which Contrary to several other studies which have shown that ventricular CSF volumes have shown that ventricular CSF volumes are larger in patients with schizophrenia are larger in patients with schizophrenia than in healthy people (Weinberger, 1987; than in healthy people (Weinberger, 1987; Elkis Elkis et al et al, 1995; Liddle, 1995; Lawrie & , 1995; Liddle, 1995; Lawrie & Abukmeil, 1998; Wright Abukmeil, 1998; Wright et al et al, 2000 Wright et al et al, ), even , 2000 , even in patients with first-episode schizophrenia in patients with first-episode schizophrenia (Lim (Lim et al et al, 1996; Gur , 1996; Gur et al et al, 1999 Gur et al et al, ), in the , 1999 , in the present study, patients with schizophrenia present study, patients with schizophrenia did not have larger ventricular volumes. In did not have larger ventricular volumes. In fact, adjusted ventricular volumes were fact, adjusted ventricular volumes were slightly smaller when intra-cranial volume slightly smaller when intra-cranial volume was taken into account. We studied firstwas taken into account. We studied firstepisode patients in the early phase of their episode patients in the early phase of their illness; more than 10% of the patients were illness; more than 10% of the patients were treated in out-patient care and the time treated in out-patient care and the time lapse between examination and MRI scans lapse between examination and MRI scans was fairly short (on average, 1.7 months). was fairly short (on average, 1.7 months). It is thus possible that in the early stage of It is thus possible that in the early stage of the onset of schizophrenia, grey matter rethe onset of schizophrenia, grey matter reduction and changes in ventricular volumes duction and changes in ventricular volumes are less prominent. In accordance with the are less prominent. In accordance with the present study, in their analysis J.H., T.C., present study, in their analysis J.H., T.C., T.v.E. and colleagues found no significant T.v.E. and colleagues found no significant differences in ventricular volumes between differences in ventricular volumes between never-medicated patients with first-episode never-medicated patients with first-episode schizophrenia and healthy controls (further schizophrenia and healthy controls (further details available from the author upon details available from the author upon request). request).
Significance of differential Significance of differential diagnosis diagnosis
One possible explanation for the structural One possible explanation for the structural differences between schizophrenia and differences between schizophrenia and psychotic depression lies in diagnostic psychotic depression lies in diagnostic procedure. In the present study, we procedure. In the present study, we concentrated on making differential diagconcentrated on making differential diagnoses between schizophrenia and psychotic noses between schizophrenia and psychotic depression, which are not always easy to depression, which are not always easy to distinguish from each other. According to distinguish from each other. According to the DSM-IV, a patient with psychotic dethe DSM-IV, a patient with psychotic depression may have psychotic symptoms that pression may have psychotic symptoms that are also often seen in schizophrenia, and are also often seen in schizophrenia, and therefore, the presence of depressive state therefore, the presence of depressive state is important in differentiating between psyis important in differentiating between psychotic depression and schizophrenia. On chotic depression and schizophrenia. On the other hand, patients with schizophrenia the other hand, patients with schizophrenia often also have depressive symptoms, often also have depressive symptoms, which makes differential diagnosis difficult which makes differential diagnosis difficult (Martin (Martin et al et al, 1985) . We emphasised the , 1985). We emphasised the presence of incoherence or clear disturpresence of incoherence or clear disturbances in thinking expressed in speech bances in thinking expressed in speech and a clear decline in functioning as and a clear decline in functioning as important criteria for schizophrenia. important criteria for schizophrenia.
An alternative explanation relates to An alternative explanation relates to the mean age of patients with schizophrenia the mean age of patients with schizophrenia in the present study: even though they were in the present study: even though they were first-episode patients, mean age was rather first-episode patients, mean age was rather high. A number of studies suggest that birth high. A number of studies suggest that birth complications are associated with schizocomplications are associated with schizophrenia of severe type, male gender and phrenia of severe type, male gender and early onset (McGrath & Murray, 1995) , early onset (McGrath & Murray, 1995) , whereas, in the Copenhagen High Risk whereas, in the Copenhagen High Risk Study, large ventricles are associated with Study, large ventricles are associated with delivery complications in high-risk subjects delivery complications in high-risk subjects (Cannon (Cannon et al et al, 1993; Parnas, 1999) . It is , 1993; Parnas, 1999) . It is s 6 3 s 6 3 therefore possible that the patients with therefore possible that the patients with schizophrenia in the present study represent schizophrenia in the present study represent a selected group of individuals with fewer a selected group of individuals with fewer subcortical CNS defects, including enlargesubcortical CNS defects, including enlargement of ventricles. ment of ventricles. Independently of the diagnostic proIndependently of the diagnostic procedure, the patients in the present study cedure, the patients in the present study were examined with a comprehensive were examined with a comprehensive neuropsychological test battery. These neuropsychological test battery. These examinations showed that the patients with examinations showed that the patients with schizophrenia and psychotic depression schizophrenia and psychotic depression performed more poorly than controls on performed more poorly than controls on several tests of the Wechsler Adult Intelliseveral tests of the Wechsler Adult Intelligence Test -Revised and Wechsler Memgence Test -Revised and Wechsler Memory Scale, but that the differences between ory Scale, but that the differences between these patients were not prominent (Ilonen these patients were not prominent (Ilonen et al et al, 2000 , 2000a a, ,b b). However, a high score on ). However, a high score on the schizophrenia index (SCZI) developed the schizophrenia index (SCZI) developed by Exner (1993) was found in 70% of by Exner (1993) was found in 70% of patients with schizophrenia, but in only patients with schizophrenia, but in only 7% of patients with psychotic depression 7% of patients with psychotic depression (Ilonen (Ilonen et al et al, 1999) . The SCZI is related , 1999). The SCZI is related to disordered thinking and inaccurate perto disordered thinking and inaccurate perception. This finding supports the view that ception. This finding supports the view that the pathognomonic thought disorders of the pathognomonic thought disorders of schizophrenia could be related to frontal schizophrenia could be related to frontal lobe (grey matter) deficiencies. lobe (grey matter) deficiencies. Thus, it is also possible that, because of Thus, it is also possible that, because of the strict diagnostic procedure, the patients the strict diagnostic procedure, the patients with schizophrenia in this study represent a with schizophrenia in this study represent a less heterogeneous group of schizophrenias, less heterogeneous group of schizophrenias, with reduced grey matter mainly in the left with reduced grey matter mainly in the left frontal lobe, possibly because of genetic frontal lobe, possibly because of genetic predisposition and associated with disturpredisposition and associated with disturbances in cognitive performance (Zipursky bances in cognitive performance (Zipursky et al et al, 1998; Gur , 1998; Gur et al et al, 1999) , whereas the , 1999), whereas the patients with psychotic depression seem to patients with psychotic depression seem to have enlarged CNS ventricles as well as have enlarged CNS ventricles as well as reduced white matter volumes, possibly reduced white matter volumes, possibly because of environmental damage. Indeed, because of environmental damage. Indeed, the patients with psychotic depression had the patients with psychotic depression had suffered more CNS damage than the suffered more CNS damage than the patients in other diagnostic groups (Salopatients in other diagnostic groups (Salokangas kangas et al et al, 1998) . This explanation is also , 1998). This explanation is also in accordance with the findings of Cannon in accordance with the findings of Cannon et al et al (1998) . They proposed that cortical (1998). They proposed that cortical grey matter volume reduction in schizogrey matter volume reduction in schizophrenia reflects a genetic predisposition, phrenia reflects a genetic predisposition, whereas ventricular enlargement reflects a whereas ventricular enlargement reflects a primary non-shared causative effect, or is primary non-shared causative effect, or is secondary to the illness or its treatment. secondary to the illness or its treatment.
White matter reduction correlates White matter reduction correlates with psychotic disorder with psychotic disorder
In the present study, the white matter In the present study, the white matter volume differences between healthy controls volume differences between healthy controls and the patients were rather extensive but, and the patients were rather extensive but, because of large standard deviations, not because of large standard deviations, not significant. By contrast, the white matter significant. By contrast, the white matter volume differences between patients with volume differences between patients with non-psychotic (depression) and psychotic non-psychotic (depression) and psychotic disorders (schizophrenia and psychotic disorders (schizophrenia and psychotic depression) were more extensive, and the depression) were more extensive, and the interaction of diagnosis, region and hemiinteraction of diagnosis, region and hemisphere with white matter volume was clearly sphere with white matter volume was clearly significant. In general, patients with psychosignificant. In general, patients with psychosis had smaller white matter volumes than sis had smaller white matter volumes than patients without psychosis. Thus, we propatients without psychosis. Thus, we propose that white matter volume may be pose that white matter volume may be an important factor in the differential an important factor in the differential diagnosis of psychotic and non-psychotic diagnosis of psychotic and non-psychotic disorders in general, and between psychotic disorders in general, and between psychotic and non-psychotic depression specifically. and non-psychotic depression specifically.
Altman, E. G., Hedeker, D. R., Janicak, P. G., Altman, E. G., Hedeker, D. R., Janicak, P. G., et al et al (1994) (1994) The Clinician-Administered Rating Scale for The Clinician-Administered Rating Scale for Mania (CARS-M): development, reliability, and validity. Mania (CARS-M): development, reliability, and validity. Left frontal grey matter may be specifically reduced in first-episode schizophrenia, whereas enlarged cerebral ventricles seem not to be specific to schizophrenia in its whereas enlarged cerebral ventricles seem not to be specific to schizophrenia in its early stage. early stage. The different gender and age distributions, even though not statistically significant, between controls and patient groups also limit the possibilities for generalisation. between controls and patient groups also limit the possibilities for generalisation.
& & This is a cross-sectional study and it cannot show the long-term structural central This is a cross-sectional study and it cannot show the long-term structural central nervous system changes in each diagnostic category. nervous system changes in each diagnostic category.
